This investigation described the effects of exercise, walking, and cycling for transportation, as well as the effect of overall nonexercise physical activity, on mortality in the Shanghai Women's Health Study (1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004). Women without heart disease, stroke, or cancer were followed for an average of 5.7 years (n ¼ 67,143), and there were 1,091 deaths from all causes, 537 deaths from cancer, and 251 deaths from cardiovascular diseases. Information about physical activity and relevant covariates was obtained by interview. Proportional hazards models were used to estimate adjusted hazard ratios and 95% confidence intervals. Exercise and cycling for transportation were both inversely and independently associated with all-cause mortality (p trend < 0.05), but walking for transportation was less strongly associated with reduced risk (p trend ¼ 0.07). Women reporting no regular exercise but who reported 10 or more metabolic equivalent (MET)-hours/day of nonexercise activity were at 25-50% reduced risk (p trend < 0.01) relative to less active women (0-9.9 MET-hours/day). Among women reporting the least nonexercise activity (0-9.9 MET-hours/day) but reporting regular exercise participation, exercise was associated with reduced mortality (hazard ratio ¼ 0.78, 95% confidence interval: 0.62, 0.99). These findings add new evidence that overall physical activity levels are an important determinant of longevity, and that health benefit can be obtained through an active lifestyle, exercise, or combinations of both.
Editor's note: An invited commentary on this article appears on page 1351, and the authors' response appears on page 1354.
Current national and international health promotion campaigns encourage adults to increase their overall physical activity levels to achieve health benefit by incorporating regular exercise and/or nonexercise activities into their daily lives (1) (2) (3) . Nonexercise activities, such as housework and activity associated with domestic responsibilities, are a particularly important source of energy expenditure among women. Women consistently report spending more time in these activities than men (4, 5) , and light-to moderateintensity nonexercise activities such as these contribute substantially to overall physical activity energy expenditure (6) (7) (8) .
However, the influence of specific types of these activities or the level of overall nonexercise activities on disease risk and mortality has not been systematically described, in part because of limitations in the structure and content of the physical activity assessments utilized in most epidemiologic studies that were initiated prior to the development of the current public health recommendations (9) .
Although recent investigations have provided compelling evidence that moderate-intensity walking is associated with reduced risk of cardiovascular disease (10) (11) (12) and early mortality among women (13, 14) , the inability of many of the existing cohort studies to isolate and evaluate the influence of specific nonexercise activities that contribute importantly to overall activity levels in women, as well as the low prevalence of certain behaviors in these study populations (e.g., walking and cycling for transportation), has limited the accumulation of evidence to directly support the recommendations relative to mortal and incident disease endpoints. Accordingly, the purpose of this report was to describe the influence of exercise, walking, and cycling for transportation, as well as that of overall nonexercise physical activity, on mortality among Chinese women.
MATERIALS AND METHODS

Study population
The Shanghai Women's Health Study is a prospective, population-based, cohort study that is being conducted in seven communities in urban Shanghai, China. A detailed description of the rationale and methods for the study can be found elsewhere (15) . Briefly, the seven study communities were selected on the basis of their similarity with respect to disease rates and demographic characteristics of urban Shanghai. Between 1997 and 2000, all females aged 40-70 years who were permanent residents in the study communities were approached in their homes by a local community health worker and study staff to evaluate interest in participating in the study. Interested women provided consent and were scheduled for a second study visit in order to collect questionnaires, conduct an interview, and obtain anthropometric measures and biologic samples. Study visits were typically completed in the participant's home. Interviewers completed standardized training/certification sessions, and each interview was tape recorded. The protocols used were approved by the institutional review boards of the institutions involved in this study.
Of the 81,170 eligible women approached, 75,221 (92.7 percent) of them enrolled in the study. Subsequently, 279 women were found to be outside the 40-to 70-year age range and were excluded. Thus, 74,942 women formed the longitudinal cohort. In this report, we excluded women with heart disease (n ¼ 5,499), stroke (n ¼ 647), or cancer (n ¼ 1,267) at baseline; those lost to follow-up (n ¼ 10); and those missing baseline covariates (n ¼ 376). This left 67,143 women for analyses.
Follow-up and ascertainment of mortality outcomes
The cohort is followed by active follow-up (interviews) and record linkage to vital statistics and cancer registries. Every 2 years, interviewers visited the last known address of participants to ascertain vital status and gather relevant medical information about the decedents (e.g., hospital where treated, cause of death). For decedents and those lost to follow-up, vital status was determined through record linkage. Mortality follow-up has been completed for more than 99 percent of the cohort through June 2004. The cause of death was ascertained from record linkage information, death certificates, and in-person interviews with next of kin and classified by use of the International Classification of Diseases, Ninth Revision (ICD-9), for cancer (ICD-9 codes 140-208), cardiovascular (ICD-9 codes 390-459 and 798), and other deaths.
Physical activity levels
Information about exercise participation, household activities, walking and cycling for transportation, and occupational type was assessed by interview. Up to three exercise activities were reported for the 5-year period before the interview, and quantitative data were obtained for each activity reported (i.e., type/intensity, duration, years of participation). Exercise in adolescence (13-19 years) was assessed as the number of years of participation and weekly duration. Time spent in nonexercise activities was evaluated for the year before the interview. Transportation-related activity was assessed with four questions that asked about time spent (minutes/day) walking to and from work, walking for other reasons (e.g., household errands), cycling to and from work, and cycling for other reasons. Time spent in housework (hours/day) and stairs climbed each day (flights/day) were also assessed. Summary estimates of physical activity energy expenditure were calculated by use of standard metabolic equivalents (METs) as MET-hours/day (16) . Nonexercise activity energy cost was estimated as follows: housework (2.0 METs), walking (3.3 METs), cycling (4.0 METs), and per flight of stairs (0.075 MET-hours). One MET-hour/day of expenditure is roughly equivalent to 15 minutes of participation in a moderate-intensity (4 METs) activity (17) . We have found this instrument to be able to stratify women by their activity levels in these domains (18) . Spearman's correlations for each activity type, compared with repeated 7-day recalls obtained over 12 months, were as follows: adult exercise (r ¼ 0.62); walking and cycling to and from work (r ¼ 0.67 and 0.66, respectively); walking and cycling for other reasons (r ¼ 0.33 and 0.66, respectively); stair climbing (r ¼ 0.73); and household activities (r ¼ 0.46). Lifetime occupational history was assessed for jobs held at least a year. For each job, the workplace name, title, major work products, and years spent at each job were obtained. Occupational titles were classified into high, medium, or low levels of activity and into sitting time, using the titles (19) , and weighted averages of the activity levels across all jobs were calculated.
Information on covariates
Information on demographic characteristics, disease and surgical histories, personal habits (i.e., cigarette smoking, alcohol consumption, tea drinking, ginseng use), menstrual history, residential history, occupational history, and family history of cancer was gathered by self-administered questionnaire. The interviewers also gathered exposure information regarding dietary habits (20) .
Statistical analysis
Participants were classified by physical activity levels thought to be most informative for understanding the health effects of specific amounts of activity. We examined the distribution of covariates according to level of overall nonoccupational physical activity using v 2 tests for proportions and analysis of variance to compare means. Person-years of follow-up were calculated as the interval between the baseline interview date and the occurrence of death or date of last contact. Cox proportional hazards models were used to estimate hazard ratios and 95 percent confidence intervals for comparison of mortality risk by level of physical activity while controlling for relevant covariates. Age was used as the timescale in the Cox models as described by Korn et al. (21) . Tests for linear trend were performed by entering the median values of the respective category as continuous parameters.
In preliminary analyses, we examined associations between all-cause mortality and the individual items as reported on the physical activity questionnaire at baseline. In our primary analyses, we fit models to estimate hazard ratios while controlling for the other types of activity and relevant covariates. In these analyses, we created summary indices of physical activity from adulthood, including exercise participation, walking (to and from work and for other reasons), cycling (to and from work and for other reasons), overall nonexercise activities (walking, cycling, household, and stair climbing), and overall physical activity energy expenditure (exercise, walking, cycling, household, and stair climbing). We also evaluated the joint effects of exercise and nonexercise activity on all-cause mortality.
We tested our primary activity exposures for possible violations of the proportional hazard assumption using standard methods (22) , and the assumption was satisfied. Unless otherwise noted, hazard ratios were adjusted for the following covariates: age, marital status, education, household income, smoking, alcohol drinking, number of pregnancies, oral contraceptive use, menopausal status, and several chronic medical conditions, such as diabetes, hypertension, respiratory disease, and chronic hepatitis.
Each of these covariates was initially selected for evaluation because of its potential for confounding the activitymortality associations, and each of the covariates showed some evidence of an independent association (p < 0.10) with at least one of the mortality endpoints, except marital status. We also conducted secondary analyses that excluded participants with less than 2 years of follow-up and for specific causes of death not attributed to cancer or cardiovascular disease and evaluated overall nonexercise activity associations stratified by presence of diabetes, hypertension, respiratory disease, and chronic hepatitis. Analyses were performed using SAS, version 9.1, software (SAS Institute, Inc., Cary, North Carolina), and all tests of statistical significance were based on two-sided probability.
RESULTS
Among 67,143 women without a history of heart disease, stroke, or cancer who were followed for an average of 5.7 years (383,036 person-years), there were 1,091 deaths from all causes and 537 cancer, 251 cardiovascular, and 303 deaths from other causes. Table 1 describes the characteristics of the cohort across quartiles of overall nonexercise physical activity. In preliminary analyses, we examined the effects of the individual physical activity items on the survey relative to all-cause mortality. There was consistent evidence of a 20-40 percent reduction in risk among the most active women, and results were significant (p trend 0.05) for exercise participation in both adolescence and adulthood, walking for other reasons, stair climbing, and household activities. For example, women reporting 4 or more hours/day of household activity were at reduced risk (hazard ratio (HR) ¼ 0.60, 95 percent confidence interval (CI): 0.50, 0.71) compared with women reporting less than 2 hours/day. Among women working for pay at baseline (n ¼ 36,708; 55 percent), participants that reported walking to and from work for more than an hour each day were at reduced risk for all-cause mortality (HR ¼ 0.65, 95 percent CI: 0.45, 0.92). Occupational activity indices were not associated with all-cause mortality (p trend > 0.15).
In order to isolate and evaluate the influences of exercise and of walking and cycling for transportation, we fit models that controlled for other types of physical activity not being examined as a primary exposure, as well as other covariates (table 2) . Adult exercise and cycling for transportation were both inversely and independently associated with all-cause mortality (p trend < 0.05), but the independent effect of walking for transportation was only weakly and nonsignificantly associated with all-cause mortality (p trend ¼ 0.07). When all nonexercise activities were examined in aggregate, reductions in mortality of about 20-50 percent were evident for all-cause, cardiovascular, cancer, and other causes of death when comparing lower and higher categories (all, p trend 0.06). Furthermore, addition of the exercise activity expenditure information to the nonexercise activities to form an index of overall nonoccupational physical activity resulted in a consistent graded reduction in risk for all-cause, cardiovascular, cancer, and other causes of mortality (p trend 0.01; table 2).
To estimate the potential mortality benefit from either exercise participation or nonexercise activities (by quartile), or both, we calculated the joint effect of these activity exposures on all-cause mortality ( figure 1) . Women who reported no regular exercise participation but who reported more nonexercise activity were at 25-50 percent reduced risk (p trend < 0.001) relative to women reporting no exercise in the lower quartile of nonexercise activity. Importantly, women who reported the least nonexercise activity but who reported regular exercise participation were found to be at lower risk for early mortality (HR ¼ 0.78, 95 percent CI: 0.62, 0.99). There were only minimal differences in the hazard ratio between women reporting and not reporting exercise at the highest levels of nonexercise activity ( figure 1) .
We also conducted analyses of the overall activity-allcause mortality association stratified by the presence of diabetes, hypertension, respiratory diseases, and chronic hepatitis reported at baseline (table 3). The presence of these conditions did not substantively modify the effect of overall nonoccupational physical activity on all-cause mortality. Inverse associations were clearly evident among women with and without these conditions (table 3) . We also carefully considered the potential for preclinical disease to influence our results. When deaths occurring early in the first 2 years of follow-up were excluded, the magnitudes of associations reported were not substantively altered. We also carefully examined the effect of overall activity on the major other causes of death. Overall nonoccupational activity, fit as a continuous variable, was inversely associated with deaths from diseases of the endocrine glands, mostly diabetes related (HR ¼ 0. . Exclusion of the small number of deaths due to respiratory and genitourinary diseases (n ¼ 50 deaths) did not materially alter the magnitude of association between overall physical activity and all-cause mortality.
DISCUSSION
In this prospective study of Chinese women, we found that exercise participation, cycling for transportation, and higher levels of overall nonexercise physical activity were associated with about a 35 percent reduction in risk for allcause mortality. Walking for transportation was less strongly associated with reduced risk, and tests for trend were only of borderline statistical significance (p trend ¼ 0.07). Importantly, women who reported either regular exercise participation or a higher level of nonexercise activity were at * Overall activity consists of adult exercise, walking, cycling, household activity, and stair climbing. Nonexercise consists of walking, cycling, household activity, and stair climbing. Walking consists of walking to/from work and for other reasons but not for exercise. Cycling consists of cycling to/from work and for other reasons but not for exercise.
y Hazard ratios adjusted for age (years); marital status (yes, no); education (elementary school or less, junior high school, high school, college or more); household income (low, middle, high); smoking (ever, never); alcohol drinking (ever, never); number of pregnancies; oral contraceptive use (ever, never); menopausal status (yes, no); other types of physical activity; and several chronic medical conditions, such as diabetes (yes, no), hypertension (yes, no), respiratory disease (yes, no; asthma, chronic bronchitis, or tuberculosis), and chronic hepatitis (yes, no).
z MET, metabolic equivalent. a 25-50 percent lower risk for early mortality compared with less active women. In detailed analyses, there was no evidence that existing health conditions accounted for these associations. Collectively, our results indicate that increased participation in a broad range of purposeful activities can provide important mortality benefits among women. The association between physical activity and mortality among women has been examined in more than 40 prospective studies (9, 23) ; however, a limitation of this body of evidence is that few of these investigations have been able to isolate and evaluate the influence of exercise and specific nonexercise activities, such as walking and cycling for transportation, that are currently advocated by public health agencies. For example, Oguma et al. (9) recently reviewed the existing literature for physical activity and all-cause mortality among women and, of the 34 studies examined, 23 (67 percent) evaluated only leisure-time activities; only six (18 percent) assessed nonexercise activities separately. Recent prospective studies in women that have evaluated aspects of the current recommendations have focused primarily on moderate-intensity leisure-time activity (10-13), particularly walking, which is the most prevalent leisure-time activity reported in the United States. Similar reductions in mortality risk have been noted for moderate-intensity leisure-time activities (14) .
Studies that have examined the role of transportationrelated activity on disease risk in women are scarce, and this may be because of the low prevalence of walking and cycling for transportation in many Western countries. Values are hazard ratios and 95% confidence intervals. Compared with the referent level (no exercise, 0-9.9 MET-hours/day), 95% confidence intervals for each of the individual hazard ratios did not include the null value (p < 0.05). Adjusted for age (years), marital status (yes, no), education (elementary school or less, junior high school, high school, college/post-high school), household income (low, middle, high), smoking (ever, never), alcohol drinking (ever, never), number of pregnancies, oral contraceptive use (ever, never), menopausal status (yes, no), and several chronic medical conditions, such as diabetes (yes, no), hypertension (yes, no), respiratory disease (yes, no; asthma, chronic bronchitis, or tuberculosis), and chronic hepatitis (yes, no). MET, metabolic equivalent. . In this report, we evaluated the independent effects of cycling for transportation and found a clear inverse relation between cycling for transportation and all-cause mortality (p trend < 0.05). These data are the first of which we are aware to indicate a significant inverse relation between early mortality and cycling for transportation in healthy women. The amount of energy expended in nonexercise physical activity that we found to be associated with reduced mortality risk merits comment. The amount of physical activity energy expenditure captured by a survey is dependent on the breadth of activity types and activity intensities assessed by the instrument. In our study, the time spent in a broad range of light, moderate, and vigorous activities was assessed, and the median level of energy expenditure was about 13 METhours/day. In contrast, Weller and Corey (26) assessed light, moderate, and vigorous activity from both leisure and nonleisure sources among healthy, middle-aged Canadian women and reported median values of about 7 MET-hours/day. It is not immediately clear if the somewhat higher levels of activity in the present study are due to the inherent differences in methods of assessment that we employed, constitutive differences in the activity levels of Chinese women, or perhaps important differences in the demands on energy expenditure of the urban environment in which women in our study live.
The strengths of this study are numerous. The Shanghai Women's Health Study is a large, population-based, prospective cohort study that has experienced little or no loss to follow-up during the time period of this analysis (<1 percent). We had trained staff to conduct in-person interviews that gathered detailed information about a broad range of physical activities that contribute to overall energy expenditure using a validated instrument. An additional strength of this investigation was our ability to control for confounding by age, socioeconomic status, major lifestyle factors, and many preexisting medical conditions. The comprehensiveness of our physical activity assessment was also an important strength. We found our most consistent and graded reductions in risk for all-cause, cardiovascular, and cancer mortality with higher levels of activity when we used an integrated index of overall nonoccupational activity. This result underscores the importance of capturing the full range of physical activities that contribute to overall energy expenditure in studies of physical activity and health.
There are also potential limitations in this research that should be considered. We used self-reported information about a wide range of recent physical activity behaviors. Our measures may be susceptible to systematic reporting errors (27) , misclassification due to the natural variability of activity behaviors (28) , and the potential for lower validity for our measure of our nonexercise behaviors. Our study of the measurement properties of this activity questionnaire revealed higher reliability and validity coefficients for our exercise measures compared with the nonexercise activities (18) . While the level of measurement error in self-reported activity levels can be substantial, the recent report of Manini et al. (29) that evaluated the effect of objectively measured physical activity energy expenditure on mortality using doubly labeled water appears to confirm the long-held belief that errors in self-reported activity result in bias toward the null. Therefore, the risk estimates reported in this investigation may underestimate the true benefits of activity on mortality.
Additional limitations of this study include our inability to rule out the possible effects of residual confounding or the effect of unmeasured (unknown) confounding factors on our results. We took a number of steps to minimize and understand the potential for reverse causality (30) to bias our results. First, we excluded from analyses women who reported major chronic diseases at baseline. Second, we conducted subgroup analyses by several comorbid conditions reported at baseline that could induce such bias. Third, we also carefully examined associations between overall activity and the major individual causes of death that were not attributable to cardiovascular disease or cancer. Results from these detailed analyses indicated that reverse causality was unlikely to account for the major effects of physical activity on all-cause mortality in this report. Indeed, we believe that physical inactivity that is induced by certain disease states or preclinical conditions may contribute to the increased risk for mortality commonly found among individuals with such conditions.
In this large, population-based, prospective study, we found that women who reported regular exercise, cycling for transportation, or a higher level of nonexercise activity were at a 20-50 percent lower risk for early mortality compared with the less active women. These findings provide new evidence that health benefits can be obtained through regular exercise participation, an active lifestyle, or combinations of both. These findings provide direct support for current national and international health promotion campaigns that encourage adults to increase their activity levels for health benefit by any means necessary.
